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Executive Summary

1. Introduction

Lemon is a plant which growing well up to the hill. The produce has no
problems with transportation damage and so it was suitable for highland.
Therefore, the farmers in 6 highland areas were encouraged to grow lemon. The
order from marketing department was about 500 kilograms per week or about 25
tons per year. However, the lemon produce are insufficient for marketing demand.
In 2016, 2017 and 2018, the amounts of lemon produces through the Royal
Project Foundation marketing department were 2.01, 3.84 and 3.61 tons. The
output values were 120,109 baht, 221,400 baht and 200,034 baht, respectively.
40% of lemon products were found stripes lemon peel from pests such as thrips
and mites, causing them to substandard raw materials and farmers cannot sell
these products. Therefore, the lemon processing should be studied for supporting
the defected raw materials by developing the more value added products and it

could be generated income for highland farmers.

2. Objective
To study and develop the processing of lemon products for high potential of

market opportunity.

3. Scopes of study

1) Explore the collection of processed products from citrus plants that are
currently sold in the market.

2) Study and develop methods for processing lemon products from the
supporting area of the Royal Project Foundation.

3) Assess the consumer acceptance with processed lemon products.

4) Study the production costs of processed products from lemons and the

worthiness for commercialization.



4, Results

1. Study physical and chemical properties of essential oils distilled from
lemon peel.

Essential oil from lemon peel was distilled by steam distillation method at 95
degree celsius for 6 hours. The yield percentage of essential oil was 1.53 with
clear and pale yellow. The physiochemical properties of the essential oil from
lemon peel including hue value (43.00), chroma value (0.34) and refractive index
(1.11). The volatile substances were analyzed by Gas chromatography-Mass
spectrometry (GC-MS). The results found that essential cil from lemon peel
composed of 26 volatile substances which alpha limonene (63.89%) was the most
volatile substance.

2. Study method for debittering lemon juice.

Three methods for debittering lemon juice were compared; (1) blanching at
98 degree celsius for 1 minute, (2) using 0.3 percent of beta-cyclodextrin, (3) using
mixed 5 U/g of pectinase and 0.4 U/g of naringinase. The results demonstrated
that mixed 5U/g of pectinase (0.025 percent) and 0.4 U/¢ of naringinase (0.01
percent) were the most effective and acceptable.

3. Formulation of concentrated lemon juice products.

3.1 Five commercial lemon juice samples were investigated in term of
physiochemical properties and product price. It was found that food additives
were added in samples such as preservatives and acidulants which 1 year of shelf-
life and 57 baht per 400 gram.

3.2 From the consumer survey at Royal Project shop (Suthep canteen and
Faculty of Agro Industry), it was found that all consumers accepted to buy the
concentrated lemon juice products at Royal Project shops and expected medium
sweetness and sourness attributes.

3.3 The screening factor was used to study the optimal formulation of
concentrated lemon juice. The results showed that the main factors were lemon
juice and fructose syrup. The optimal formulation of lemon juice product was
determined using 2? Factorial experiments in Central Composite Design with 2

center points which vary on lemon juice and fructose syrup as studied factors.



The results demonstrated that the optimal formulation of concentrated lemon
juice were lemon juice (48.68%), fructose syrup (50.96%), salt (0.17%), citric acid
(0.17%) and essential oils from lemon peel (0.02%).

4. Study the pasteurization processed products.

The optimal pasteurization of concentrated lemon juice was carried out; using
2? Factorial experiments in Central Composite Design with 2 center points which
vary on temperature and time. The optimal pasteurization of the concentrated
lemon juice product was 80 degrees celsius for 25 minutes.

5. Study the quality of concentrated lemon juice product.

The developed concentrated lemon juice was investigated of physical
properties, chemical properties, sensory evaluation and microbial properties. The
results were shown in the Table.

The quality of developed concentrated lemon juice product

Properties Concentrated lemon juice product

Physical properties

- Hue value (H°) 93.92+0.10
- Chroma value (C¥) 4.08+0.17
- Viscosity (cps) 14.70+0.42
Chemical properties

- pH value (pH) 2.41+0.01
- Total soluble solids (°Brix) 45.10+0.14
- Limonin content (mg/mU) ND

- Naringin (mg/ml) 0.007+0.01
- Ascorbic acid (g/100g) 0.23+0.01

Sensory evaluation (Mean ideal ratio score; the ideal ratio profile of 1.00)

- Color 0.99+0.06
- Turbidity 1.02+0.09
- lemon odor 0.97+0.10
- Sourness 1.02+0.10
- Sweetness 1.03+0.06
- Bitterness 1.63+2.49
- Viscosity 0.99+0.03

- Overall acceptance 1.05+0.11
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The quality of developed concentrated lemon juice product (Continue.)

Properties Concentrated lemon juice product

Microbial properties

- Total plate count (colonies/g) <10
- Yeast and mold (colonies/g) <10
- E.coli (MPN/ml) ND
- Coliforms (MPN/mU) ND

Note: ND = non detected

6. Consumer acceptance evaluation of developed product.

Consumer acceptance was evaluated using Central Location Test at Royal
Project Shop and Royal Project Restaurant with 9-points hedonic scale. The 96%
of consumer accepted and decided to buy concentrated lemon juice product at
Royal Project shop.

7. Study the production costs of processed product.

The production costs of developed concentrated lemon juice for 1 lot (13.35

kg), the production cost was 48.38 bath per bottle (350 mU).

5. Conclusion

The essential oil from lemon peel was clear and pale yellow which
was 1.53 yield percentages. In addition, the study of the debited lemon juice
showed that pectinase and naringinase were the most effective and acceptable.
The optimal ingredients of concentrated lemon juice were lemon juice (48.68%),
fructose syrup (50.96%), salt (0.17%), citric acid (0.17%) and essential oils from
lemon peel (0.029%). After that, the suitable pasteurization of the concentrated
lemon juice was optimized; it was 80 degrees celsius for 25 minutes. The
physiochemical properties such as Hue value (H®) (93.92°), Chroma value (C¥)
(4.08) and viscosity (14.70 cps). The quality of the final product was pH value of
2.41, total soluble solids (45.10°Brix), naringin content (0.007 mg/ml) and ascorbic
acid content (0.23 ¢/100g). Sensory evaluation in color, turbidity, lemon odor,
sourness, sweetness, bitterness, sweetness, viscosity and overall acceptance were

0.99, 1.02, 0.97, 1.02, 1.63, 1.03, 0.99 and 1.05, respectively compared with the



ideal ratio profile of 1.00. However, total plate count, yeast and mold were less
than 10 colonies per gram. Moreover, E.coli and coliform were not detected. The
consumer accepted and decided to buy developed concentrated lemon juice
(96%). In addition, the production cost of developed product was 48.38 baht per
bottle (350 ml).
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